SUMMARY Evidence of partial retrograde amnesia for episodic memories of no personal salience was found in head injured patients (n = 10) tested during posttraumatic amnesia or shortly after its resolution (n = 10), but there was no selective preservation of the earliest memories. In contrast, head injured patients tested during posttraumatic amnesia exhibited relatively preserved retention of early autobiographical memories which they recalled as accurately as oriented head injured patients. It is suggested that reminiscence of salient, early events increases their resistance to partial retrograde amnesia and contributes to the observed temporal gradient.
Case reports published during the 19th century documented the retrograde loss of memory for events shortly before a non-missile head injury while retention of very remote information was relatively spared. ' In 1882 Ribot2 inferred from these reports that memories become increasingly resistant to disruption as a function of their age and repetition (for example, rehearsal) . Consistent with Ribot's postulation was Russell' s finding that the interval of retrograde memory loss, which his patients estimated retrospectively, was relatively brief (-si30 minutes) in 86% of consecutive admissions for non-missile head injury as compared to the duration of anterograde amnesia which persisted beyond 24 hours in 40% of the cases.
In some head injured patients retrograde amnesia (RA) initially extends to events several years in the past and gradually resolves beginning with the oldest events until a point is reached contiguous in time to the injury which remains as a gap in memory.46 Benson and Geschwind4 attributed this "shrinking" RA to recovery of memory retrieval because encoding and storage of events which occurred in the distant past are presumably completed before the injury. In contrast to Russell's reports concerning the interval of complete RA, Williams and Zangwill7 found evidence of partial retrograde memory loss for details of more remote events when they interviewed head injured patients after resolution of posttraumatic amnesia (PTA).
Recently developed standardised techniques permit assessment of varying degrees of retrograde memory loss for events which occurred in the public domain over a long interval. Squire, Slater and Chace8 found that a course of bilateral electroconvulsive therapy in depressed patients disrupted memories acquired within three years before treatment while sparing older memories.
Although investigators of amnesic disorders secondary to bilateral mesial temporal lobe removal,9 diencephalic injury,'0 or alcoholic Korsakoffs syndrome" 12 have confirmed a similar temporal gradient of remote memory deficit using titles of television programmes, public events, and faces of prominent persons, the insidious or prior onset of memory disorder in the patients studied implies that their apparent RA may reflect progressive impairment in learning and retention of events (anterograde amnesia) rather than a retrograde loss of previously acquired memories. Further, several investigators have found no evidence for sparing of very remote memory in amnesic patients'31' and healthy elderly subjects. '5 16 To define precisely the onset and temporal extent of RA for episodic events and personally salient information, we prospectively studied patients during the early stages of recovery from severe or moderate closed head injury. By 
Patients
Two groups of 10 closed head injury patients studied during the course of inpatient rehabilitation after transfer from the neorosurgery service of one of the three university hospitals in the Houston-Galveston Comprehensive Central Nervous System Injury Trauma Center. The first closed head injury group was tested during PTA, which we assessed daily by a brief, bedside examination'7 or orientation to person, place, time, recall of circumstances related to the hospitalisation, events before and after the injury. The second closed head injury group was normally oriented and no longer in PTA when they were given the remote memory test. Data supporting the reliability of scoring this schedule of questions and depicting the normal range have been reported.'7 Apart from the criterion of PTA, we selected consecutive head injured patients to obtain two groups who were closely matched on age, education, and severity of initial injury as reflected by the Glasgow Coma Scale (GCS)18 and the interval during which the patient failed to follow simple commands (table 1). Other selection criteria included a preinjury history free of neuropsychiatric disorder, including no previous head injury, learning disability, or chronic substance abuse. We excluded aphasic closed head injury patients because of the verbal requirements of the tests.
Severe closed head injury (GCS score 68) predominated in both the PTA (9 of 10 patients) and post-PTA (all 10 patients) groups. A single patient in the PTA group had an initial GCS score of 11 which was compatible with a nonmissile head injury of moderate severity. Table 1 : 1968 : , 1972 : -1977 : , 1977 : , and 1980 : -1981 verified that the target programmes were broadcast in the Houston vicinity and other Texas cities during the designated season and that the patients and control subjects were television viewers who had resided in Texas throughout the 1968-1981 period. All testing was completed during the fall and winter of [1981] [1982] , that is, after cancellation of the 1981 programmes. To facilitate data acquisition from patients during relatively early stages of recovery from head injury, we administered one-third (10 items) of A trend analysis of the remote memory scores of all participants (n = 207) across the five time periods disclosed significant overall effects for the quadratic (F = 7.35, p < 0.008) and cubic (F = 26-0, p < 0.00001) components. Consistent with the apparent group differences in their temporal gradients (fig 1) , the interaction of groups with trend was significant for the linear (F = 3-23, p < 0.05) and quadratic components (F = 3-37, p < 0.05). As reflected by the relatively flat temporal gradient for Matching the PTA and oriented groups on the severity of initial injury (that is GCS score) was of primary concern and we anticipated variation in the injury-test interval. Although these groups did not significantly differ in the interval since injury, it was inversely related to their accuracy of remote memory particularly in the patients whose PTA had resolved. The modest correlation in the PTA group may reflect their more uniformly impaired test scores as compared to wider variation in the remote memory of the oriented group. While this incidental finding warrants closer study in a larger series, it suggests that a long period of disorientation, confusion and gross anterograde amnesia may be related to a residual decrement in remote memory even after clearing of PTA.
STUDY II
The clinical observation that the oldest memories are more resistant to disruption after head injury2 5 may reflect the emphasis on overlearned, personally salient information when clinicians examine the retention of events from the remote past (for example place of birth). Secondly, collateral information from a relative or friend is necessary to verify the accuracy of the patient' s recall. In view of the disparity between the results of Study I and the wide acceptance of Ribot' s formulation, we investigated remote memory for autobiographic information by 560 using a structured interview of major life events. We postulated that reminiscence of important childhood experiences facilitates their retention as semantic knowledge rather than as episodic events and thereby produces a temporal gradient in RA.
Patients and methods

Patients
The head injured patients were selected from the same inpatient rehabilitation service and evaluated for PTA according to the same criteria that were used in Study I. In addition, a relative or close friend had to be available to provide biographical information and the patient's preinjury history had to contain the events included in the assessment. Of the 20 closed head injury patients included in Study I, eight also participated in Study II. Demographic features, the initial GCS score, and the duration of coma are summarised for the PTA (n = 6) and oriented groups (n = 17) in (days)f *PTA = posttraumatic amnesia; GCS = Glasgow Coma Scale, which has a range of 3 (no eye opening, no motor, or verbal response) to 15 (normal level) was recorded on admission.
tDuration of unresponsiveness was estimated from the number of days during which the patient was unable to obey simple commands. Serial GCS scores were obtained from the Trauma Center hospital. ::Number of days from date of injury to assessment of autobiographical memory.
Levin, High, Meyers, Von Laufen, Hayden, Eisenberg relative), the patient was tested for recall of autobiographic material by using a brief structured interview. There were eight questions, including two questions for each time period. Half of the questions consisted of two parts. The questions pertaining to the primary school years were:
' What was the name of your elementary school?" and " In regard to the first time you can remember your family moving, how old were you (age or grade in school) and where did you move to (name of town or street)?" In the event that the patient did not move during the primary school years, recall of his or her address at that time was tested. The questions for the intermediate or junior high school period were: "What was the name of your junior high school?" and "With whom did you have your first date (first name)?" and "How old were you then (age or grade)?" The questions corresponding to the high school period included: "What was the name of your high school and when did you graduate or drop out (year)?" and "On what type of car did you learn to drive (make and year)?" The questions corresponding to the post-secondary school/young adulthood period were: " What was the address of your first residence after leaving home?" and "On what date did you marry your wife (husband)?" The date at which the patient began his or her first long term heterosexual relationship during this period was substituted for unmarried patients. If the patient failed to respond to a question, a prompt consisting of the first two letters of the correct answer was given. Half-credit was awarded for correct answers which required a prompt.
Results
The proportion of correct responses was scored for each developmental period and plotted in fig 2 for the PTA and oriented head injured groups. Figure 2 shows a trend of more accurate recall of autobiographical data by head injured patients who had regained orientation as compared to the PTA group. In contrast to the relatively slight variation in accuracy of recall by the oriented patients across time periods, fig 2 depicts a temporal gradient for the recall by patients who were still in PTA when tested. Recall accuracy decreased monotonically from relatively preserved retention of information from childhood to retrograde memory loss of personal data during late adolescence and young adulthood. A multivariate analysis of variance2' performed on the proportions of correct responses confirmed the impression of more accurate recall of autobiographical data by oriented CHI patients as compared to the patients in PTA (table 4). As summarised in table 4, head injured patients who were examined during PTA exhibited impoverished recall of autobiographical information from the three most recent time periods. In contrast, the trend of more accurate recall by oriented closed head injury patients than the group in PTA did not approach significance for autobiographical data sampled from Impairment of remote memory after closed head injury After PlA (n-17) 6 have documented an association of prolonged, residual RA with relatively long PTA suggesting that "the retrieval process depends on the same system that is necessary for the laying down of new memories" (p. 542). 4 Investigators have debated the presence of a temporal gradient in patients with other aetiologies of amnesic disorder who exhibit impaired remote memory. "'0'6 Although our results for retention of titles of television shows provide no support for Ribot's postulation that the strength of memories increases over time, we found relative preservation of the earliest autobiographical memories during PTA. Head injured patients who had emerged from PTA, however, accurately recalled at least 80% of life events queried for each developmental period while exhibiting no impressive trend in relation to the age at which the memories were acquired. Although the accuracy of recall of autobiographical information was relatively uniform across the intervals in patients tested after resolution of PTA, the issue of equivalence of item difficulty for different developmental periods requires further study.
How can we explain the relative preservation of early autobiographical memories during PTA despite impaired retention of television programme titles from corresponding periods? Ribot2 postulated that repeated retrieval of remote memories increases their resistance to decay or disruption. Hence, we suggest that repeated reminiscence of early personal events incorporated these memories into a semantic structure which became relatively Levin, High, Meyers, Von Laufen, Hayden, Eisenberg Mair, Warrington and Weiskrantz23 showed that no temporal gradient was present in the remote memory of two necropsy-confirmed cases of alcoholic Korsakoff syndrome. Both patients exhibited impaired recall and recognition for public events and well known faces which extended over at least a 25 year period. While the necessary and sufficient conditions for the presence of a temporal gradient in the remote memory of alcoholic Korsakoff patients may be disputed, it is clear that the onset of their amnesic disorder is difficult to define precisely. In contrast, our investigation of RA during the early stages of recovery after head injury permits precise specification of the onset of amnesia.
Apart from the theoretical implications of our findings for the neuropsychology of memory, we postulate that partial retrograde memory disturbance after head injury can adversely affect resumption of complex activities which stress retention of previously acquired, but not overlearned information. Elucidation of the clinical course of residual RA following head injury awaits a longitudinal extension of this study.
